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INTRODUCTION 

One of the major effects of the ionospheric heater is the production of 

artificial spread F (ASF) . This phenomenon has been extensively studied by 

the transmission experiment. 

1.1 Advantages of the transmission experiment 

The transmission experiment is designed to study ASF by examining ampli- 

tude fluctuations from orbiting ard geostationary satellite signals received 

at VllF and UHF by receivers spaced at fixed locations on the ground. The 

transmission experiment has the following advantages for the study of iono- 

spheric irregularities: 

1. The location of the transmitting satellite is accurately known, and 

the frequencies are sufficiently high for ionospheric refraction to 

be neglected; so the position of the line of sigi.t (LOS) is accurately 

predetermined. 

2. The ground receiving site can be located so that the LOS passes 

through any desired part of the disturbed volume. 

3. Orbital satellites have a LOS that traverses the disturbed region 

so rapidly that internal motions of the plasma are negligible as a 

factor in producing amplitude scintillations. 

4. For irregularities with correlation distances of 200 m or less, the 

fluctuations in phase, produced by passage of VHF waves through ASF, are 

fully developed into amplitude scintillations by the time they reach 

the ground, so that the phase scintillation fluctuation can be de- 

duced from the depth of amplitude fluctuation. 

5. The propagation of VHF and UHF waves through the disturbed region 

is of inherent interest for some propagation applications of ASF; 

for instance, degradation of radar tracking of orbiting or ballistic 

missiles. 
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1,2 Objectives of the transmission experiment 

In planning the implementation of the transmission experiment, the 

following objectives were coi:sidered as needing to be determined by measure- 

ments of ASF irregularities: 

1. Irregularity oricntation--whether the ASF structure is aligned with 

the earth's magnetic field. 

2. Irregularity size and shape--dimensions of the correlation ellipsoids 

associated with the various structure sizes present in the irregu- 

larities. 

3. Altitude distribution--relative intensity of the electron-density 

fluctuations as a function of altitude in the disturbed region of 

the ionosphere. 

4. Horizontal extent — large-scale horizontal variation of fluctuation 

intensity in the north-south and east-west directions. 

5. Onset and decay--variaticns of the irregular structure with time 

when the heating transmitter is switched on or off. 

6. Drift velocity--large-scale velocity of the irregularities due to 

gross motion of the ionospheric plasma. 

7. Frequency variation—intensity and time scale of amplitude fluctu- 

ations of signal transmitted through the heated region as a function 

of wave frequency. 

8. Multipath effects--occurrence of multipath scintillations or off-LOS 

scatter. 

9. Yield studies—effects of transmitter parameters such as heater re- 

flection height, power and modulation on the intensity of the 

electron-density fluctuations. 

10. Radar simulation—simulation of scintillation effects anticipated 

during radar track of objects located behind the disturbed region. 
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1.3 Data processing 

In processing the data from both the orbital and the geostationary satellites, 

it was necessary to take into account the modulation characteristics of the 

satellite signals. As part of a study to determine the effect of the satellite 

modulation on the data analysis, the spectra  of both the orbital and geo- 

stationary signals were computed. The data available was the heterodyne tone 

generated by the receiver BFO and recorded on four-track analog magnetic tape. 

The recorded tone was directly digitized at a 12-kHz rate, and the resultant 

time series was transformed to the frequency domain by a fast Fourier transform. 

Although the modulation of the satellites was a type of phase pulse modulation, 

the bandwidth of the receiving system produced an amplitude modulation charac- 

teristic which can be seen in the resultant power spectral density plots in 

Figures 1.1 and 1.2. As can be seen, the geostationary signal (shifted by the 

heterodyning process to about 900 Hz) has sidebands about 200 Hz on either 

side. The orbital satellite has sidebands about 2.5 kHz on either side. 

These modulation characteristics caused no trouble in the processing of the 

geostationary satellite signal since the fastest scintillation time was on the 

order of a few seconds. The orbital satellite data, on the other hand, con- 

tain events in the millisecond range. This can cause considerable problems 

if the phase modulation on the satellite signal causes amplitude variations of 

the recorded (or detected) hcterdyne tone. 

Once the signal amplitude was properly detected, the processing of the 

data in terms of ASF scintillations could begin. Figure 1.3 shows the configur- 

ation available for a geostationary satellite. ASF irregularities form "shadows" 

on the ground plane that can be studied by suitably placed receiving antennas 

A, B, and C. Since all such satellites are located in the equatorial plane, 

their lines of sight arc all somewhat to the south, so the three-station net- 

work must be offset from the center of the disturbed region in order to allow 
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observation of scintillations. Here, the line of sight is virtually stationary, 

so the observations obtained are complementary to the orbiting-satellite obser- 

vations in that time variabilities in the medium are dominant. 

The general character of the scintillation observations when the heater 

transmitter is on is illustrated in Figure 1.4. The autocorrelation function is 

nearly Gaussian in shape, the fading having an average period of about 10-15 sec. 

The unheated quiet ionosphere has a scintillation index S (see Section 4.2) of 

about 0.01, while values of S up to 0.25 have been observed for the heated iono- 

sphere, depending on the heater power and frequency. It is evident that the 

fading pattern is nearly identical at the three receivers, but simply displaced 

in time by the amount shown.  From this it is concluded that internal velocities 

in the ionospheric irregularities are negligible, and that the fading is due 

primarily to the drifting of elongated irregularities over the antenna triangle. 

These data were analyzed by correlation techniques to give the size of the 

structure observed at the ground, and the direction and magnitude of the veloc- 

ity of the irregularities. 
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Figure 1.4 Illustrating time shifts between antennas in 
the geostationary experiment 
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2.  REMOTE EXPERIMENT 

2.1  Introduction 

An ionospheric heater produces field-aligned ionization irregularities 

in the region of the ionosphere directly above it.  It has been suggested 

(Bowlnll, et aK, 1971 pp 19-21) that these irregularities might propagate 

along the lines of the earth's magnetic field and appear as mirror image ir- 

regularities in the magnetically conjugate ionosphere; namely, at a region 

located over the same magnetic field line as the ionosphere over the heater 

transmitter, but in the southern hemisphere rather than the northern. The 

search for such an effect is known as the "remote experiment", and the con- 

jugate point location is code named BOWATER.  It will be so referred to in 

the remainder of this report. 

The inaccessibility of BOWATER in the southern Pacific Ocean causes 

considerable difficulty in planning a diagnostic experiment; the F region over 

BOWATER is over the horizon from all land masses.  It is in fact very close to 

the furthest point from land in the entire globe. Direct radar probing is 

therefore out of the question. 

^•^ Aircraft experiment 

The next possibility explored was an aircraft-borne diagnostic. An 

experiment carried out on March 29 and 31, 1971 (Bowhill, 1971 pp 29-32; Row- 

hill, et al., 1973) over the heater transmitter established that a properly 

instrumented airborne ionosonde could adequately probe for ASP. However, the 

aircraft used (provided by RADC) was heavily committed for an auroral-measure- 

ment program, and therefore was unavailable. The possibility was then ex- 

plored (Bowhill, et_£l., 1973, pp 53-57) of using an aircraft provided by LASL, 

carrying a chirp ionosonde.  It was ultimately decided that the multiple en- 

route refueling and the marginal performance of the chirp ionosonde made this 

approach impractical. 
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2.3 Satellite experiment 

It was next decided to explore the use of a satellite-borne topside 

sounder for the detection of ASF, since such a sounder routinely crosses 

the latitude of BOWATER twice in each orbit. With the cooperation of Dr. 

Hartz of the Communications Research Centre, Ottawa, a successful experiment 

was made over Platteville on April 10, 1972 (Bowhill, et_ al. 197.3, pp 35-39). 

A satellite experiment over BOWATER was therefore planned. 

The first difficulty encountered was the remoteness of BOWATER from the 

nearest satellite readout station at Christchurch (.the path I'F on Figure 2.1). 

To be able to command the satellite transmitter on, it was necessary for the 

satellite to be at least 5000 km altitude above BOWATER in order to have an 

adequate elevation angle at Christchurch. Only two of the four orbiting top- 

side sounder satellites (Alouette II and ISIS I) have sufficiently elliptical 

orbits to permit this type of measurement, and as it turns out, only ISIS I 

gives adequate signal strength. 

This experiment has the advantage that its passage over BOWATHR is pi'e- 

dictable months in advance, permitting careful advanced planning. However, 

the following disadvantages of the experiment have become apparent: 

1. The relative infrcquency of suitable high-altitude passes makes 

it difficult to schedule the heater transmitter operation at exactly 

the right time, given the many other constraints on transmitter 

scheduling. 

2. The high altitude of the satellite means that the ionospherically- 

reflected signal is about 15 dB down relative to that prevailing 

for its normal low-altitude operation. In addition, the ISIS I 

satellite antenna is tumbling, the net effect being a lack of 

returned signal for at least 50 percent of the time. 
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3. The difficulty of operating the satellite under high-altitude 

conditions moans a lack oT an adequate data base to describe the 

properties of the ambient or undisturbed ionosphere. 

4. It is found that high-altitude topside soundings at this latitude 

are strongly perturbed by ionospheric returns thousands of kilo- 

meters away from the subsatellite point. 

Nevertheless, some interesting experimental results were obtained and 

are described in the next section. 

2.4 Experimental results 

Parameters of five passes of the topside satellite' ISIS I over BOWATER 

were (taken as nominally 54.40S, 131.90W) are given in Table 2.1. The al- 

titudes of passage varied from 3252 to 3538 km, and the maximum elevation 

angles observed from a point at ground level varied from 87.1 to 89.8 deg. 

For a satellite altitude of 3200 km, a maximum elevation angle of 89 deg cor- 

responds to a satellite passage about 56 km to the east or west of the conjugate 

point, indicating the difficulty of obtaining an exactly overhead pass. However, 

it seems reasonable to expect that the disturbed region at the conjugate point 

would extend over a region greater in diameter than the approximate 100-km 

diameter of the heated region in the northern hemisphere, so some effect might 

be expected to be seen even for maximum elevation angles as low as 87 deg. 

Results of these various passes will now be described. The ionograms were 

furnished by Dr. T. R. Hartz of CRC, Ottawa, and his cooperation has proved 

invaluable in these investigations 

2.4.1 Event A results 

Figure 2.2 shows the position of tne satellite to scale at 11 times during 

its passage over BOWATER on February 22, 1973; the field line through BOWATER 

is also indicated. Figure 2.3(a) through 2.3(k) show examples of the topside 
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Table 2.1 

Events over selected earth points 

Event 
Code Date(1973) 

Closest 
Approach 
Time (UT) 

Maximum 
Elevation 
Angle 

Altitude 
(km) 

Heater 
Power 
(Mw) 

A Feb 27 19:'J2:15 89.1 3252 1.6 

B Sept 3 05:22:54 89.8 3443 0 

C Sept 14 04:31:40 88.5 3538 .88-1.48 

D Sept 25 03:40:33 87.1 3336 0 

E Sept 30 03:28:47 88.5 3162 1.17 
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ionograms obtained when the sounder was at  these 11 points.    For clarity only 

the positions  from 2000 to 4000 virtual  depth and fron 1.25 to 6 MHz frequency, 

are shown. 

Particularly interesting is the ionogram corresponding to point 7, taken 

at 10:05:22 UT. This is reproduced in trace form on Figure 2.4. Three types 

of trace are visible: 

1. Vertical-incidence reflections   from the undisturbed topside 

ionosphere   (labeled "A")  on the ionograms; 

2. Ducted echoes  from field-aligned sheets of ionization  (labeled "B" 

on the ionograms)  having somewhat  greater range than the "A" echoes 

but having a critical   frequency  (fj   substantially less than the 

critical   frequency  (f J   of the "A"  echoes  due to the obliquity of 

the incidence; 

3. An even  longer-range trace   ("C" on  the ionograms)  which arises  from 

orthogonal backscatter from field-aligned irregularities in the top- 

side ionosphere. 

It is noticeable  that  echoes of type "A"  and "B" are present,  throughout the 

ionogram sequence,  while echoes of type "G"  are visible in appreciable amounts 

only at point  7 on Figure 2.2.    Scatter of this  type is not a usual  feature of 

topside ionograms  in this   latitude range.     It  is therefore concluded that   the 

field-aligned scatter observed at BOWATER on this  occasion was probably produced 

by  field-aligned structure originating from the heater transmlttov in the 

northern hemisphere. 

2.4.2    Evcnt.s_ B and D results 

During the Prairie Smoke V field exercise, it was possible to schedule 

four passes (Events B through E) when the heater transmitter was thought to be 

available.  In September 1975, the high passes of ISIS I over BOWATER were all 
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in the late evening, postsunset, (1900-2030 BOWATER time) as opposed to Event A 

in which the passes were in the late morning (1000 BOWATER time). Only on two 

of these events (C and E) was it possible to schedule heater transmitter oper- 

ation; for Events B and D, heater transmitter operation was not available, so 

these were to act as a "control" indicating ambient conditions in the absence 

of heating. 

The leading feature of the ionograms taken in this event is the extreme 

complexity of the returned echoes, indicated on Figures 2.5(a) through 2.5(c). 

Figure 2.5(a) shows an ionogram from Event D taken close to overhead BOWATER; 

the satellite was at a height of 3336 km.  In addition to the main echo at 

about 3400-km altitude, additional returns are visible at 2 MHz frequency and 

virtual depths from 2970 to 3280. The echo at 2970-km virtual depth (370 km 

short of ground range) indicates that the F layer was at a very high altitude 

at that time. The stronger echoes probably result from field-aligned reflections 

corresponding to those indicated at "B" on Figure 2.4. 

In Event B, a quite different type of behavior was ;;een. While only frac- 

tions of the traces are available due to antenna pattern problems, the ionogram 

shown in Figure 2.5(b), corresponding to nearly overhead BOWATER, shows quite 

disturbed traces with up to 200 km range spreading. Figure 2.5(c), taken at 

a point corresponding in position to point 7 on Figure 2.2, shows even greater 

spreading and many apparently distinguishable traces. 

This quite different behavior of the late evening ionosphere observed at 

very high altitudes over BOWATER makes it quite difficult to place Events C 

and E (for which heating was available) in proper perspective. 

2.4.3 Event C results 

On September 14, 1973, at 04:31:40, the ISIS I satellite passed very nearly 

overhead BOWATER (88.5 deg maximum elevation angle) at an altitude of 3538 km, 

and the Plattcville heater was operating at 2,85 MHz with a power that was 
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varying (in the immediate time of passage) from .88 to 1.48 Mw. The F2-layer 

critical frequency at Erie (near Platteville) was 3.8 MHz, and strong spread F 

was observed. 

Figure 2.6 shows a composite ionogram made from three frames of the 

sounder at 04:29:31, 04:29:49 and 04:30:07. Since none of the three frames 

shows a complete ionogram, the three have been combined in five frequency 

ranges into a single composite ionogram displaying the clearest traces in each. 

During this time the satellite was very close to apogee, and its altitude did 

not vary by more than 5 km during the time of these three ionograms. A diffuse 

trace is seen with a minimum range of about 3500 km Cthereby precluding its being 

an echo reflected from the topside of the ionosphere, ducted along the magnetic 

field). In addition, two "hard" traces are seen at shorter ranges, one at only 

3300 km range. These additional traces are not visible when the satellite has 

passed to the south of BOWATIiR, and it seems likely that they were produced 

by irregularities in that general vicinity. 

2.4.4 Event E results 

On September 30, 1973, the satellite ISIS I passed over BOWATER at 03:28:47 

UT, with a maximum elevation angle of 88.5 deg and an altitude of 3162 km. At 

that time the Platteville heater was radiating at 1.17 Mw power, at a frequency 

of 2.855 MIlz. The critical frequency of the F2 layer measured at Erie was 4.2 

Mllz and a strong spread F was observed. 

The general behavior of the ionogram when the satellite was overhead 

BOWATIiR is sketched on Figure 2.7(a) though actual ionograms are not shown 

since they were of poor quality. Well-defined vertical and oblique returns 

arc visible, the ratio of the ranges corresponding to the inclination of the 

magnetic field. 

In the neighborhood of the point corresponding to point 7 on Figure 2.2, 

the appearance of the ionograms was as sketched on Figure 2.7(b) showing 
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marked spread between the 0 and X traces, but nothing that could be directly 

attributed to scattering from the vicinity of BOWATER. 

2.5 Discussion 

The conclusion drawn from a study of these results is that the daytime 

behavior (illustrated by Event A) showed interesting phenomena that might be 

attributed to heating of the conjugate ionosphere. However, the available 

satellites at the end of the Prairie Smoke V exorcise offered only night 

passes, where the appearance of the ionograms was extremely variable from 

night-to-night. Therefore, it is felt that no clear picture as to reality 

of the conjugate effect emerged from the Prairie Smoke V results. The follow- 

ing recommendations have been made for resolution of this matter: 

1. Use of a ground-based diagnostic in the location of BOWATER, 

capable of continuous measurements; for example, a nuclear- 

submarine-mounted geostationary and orbital satellite-scintillation 

measuring system, similar to that used successfully at Platteville. 

2. Carefully preprogrammed cyclical sequences of heating experiments 

covering both day and night conditions at Platteville, accompanied 

by radio-silent measurements at BOWATER of the kind indicated above. 

3. Analysis of the results to determine the spatial extent and intensity 

of the perturbations and the coincidence of occurrence with heating 

at Platteville. 
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3.  CORRELATION ANALYSIS 

3.1 Introduction 

Much of the data received during the Prairie Smoke transmission experi- 

ments may be used to determine the velocity, size and orientation of the 

structures which comprise the disturbed region. Time variations were studied 

using the geostationary ATS-5 satellite, and spatial variations were studied 

using the orbital Navy navigation satellites. 

3.2 Geostationary velocity analysis 

The geosLationary observation station, essentially the same as used in 

Prairie Smoke IV, was used to receive the 136 MHz transmission from ATS-5. The 

station was located (in Lusk, Wyo.) so that the LOS to the geostationary satel- 

lite passed over the Platteville heater at 275 km. The signal used in this 

study was received and mixed with the local receiver BFO for recording on an 

audio tape recorder with time from WW, The beat note was also detected, fil- 

tered, digitized, and stored on digital magnetic tape for later analysis. This 

is the same technique used in Prairie Smoke IV. 

These digital signal amplitude records were analyzed using auto- and cross 

correlation techniques.  Figure 3.1 shows an example of the correlations for 

the east-west antenna pair.  It is possible to compute the velocity of the 

interference pattern from these correlations using the "straight-lino" techni- 

que of Briggs, e^ al.Cl950). This technique takes into account both the drift 

velocity of the pattern produced by the irregularities as well as random changes 

in the shape of the pattern itself. The following equation is developed in 

Briggs, et aj_. (1950): 

12 2  «0 
T = 

v 
R 

, ?0VD 

V 
R 
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where 

T = cross correlation time shift 

T' = autocorrelation time shift (T and T' taken at equal correlation 

magnitudes) 

CQ = antenna spacing 

V^ = "fading" velocity 

VD = steady drift velocity 

2   2 
Note this is the equation of a straight line in x' - x versus x space. 

Figure 3.2 is a plot of these parameters taken from Figure 3.1. As can be 

seen, these data points form (essentially) a straight line. The slope and 

intercept of this straight line can be used to find the two velocities shown 

in the equation above. Using this procedure, the steady drift velocity is 

found to be 35.3 m/sec and the "fading" velocity is 41 m/sec (these are west- 

ward velocities; the north-south velocities have been found to be essentially 

zero). Briggs, et al_. (1950) show that an apparent velocity (Vj due to random 

variations in the shape of the (drifting) pattern may be calculated from 

2    2    2 
V ' = V  + V 
R     P   VR 

Application of this equation gives V = 20.8 m/s for the example. 

The majority of the data were not analyzed in this way. The velocity was 

deduced from the time shift of the peak of the cross correlation curves. A 

comparison of this technique with the more complete Briggs, et £l_. (1950) straight 

line may be made in this example. Taking the time shift of the peak as 4.5 sec, 

the velocity is calculated as 41 m/sec. This velocity is the same as the "fading" 

velocity as calculated earlier, only slightly larger than the actual steady drift 

velocity (35.3 m/sec). The discrepancy is due to the effect of the random change 

of shape of the pattern as it drifts. It is necessary to keep this discrepancy 
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Figure 3.2    Briggs,   Phillips,  and Sliinn straight  line 
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in mind when considering the velocity magnitudes in the next section. They are 

quite likely inflated slightly by the random variations in the pattern shape. 

Information about the characteristics of the heated region can be obtained 

from the velocity of these irregularities across the spaced antenna system 

(Bowhill and Ward, 1973aj, From this velocity, the apparent structure size in 

the heated region can be obtained. For obtaining these quantities, recordings 

made on the nights of 17, 18, 19 September 1973 were chosen because these records 

are continuous and can be compared with previous daytime results. 

The velocities for the three nighttime runs are shown in Figures 3.3, 3.4, 

and 3.5. The velocity shows a westward dominance but it occasionally changes 

to east with no apparent dependence on time. There also seems to be a wide 

variation in the magnitude of the velocity. The e  structure sizes were 

calculated from these velocities and sorted to determine the frequency of 

occurrence. In Figure 3.6 the daytime results are given and Figure 3.7 shows 

the distribution of nighttime results obtained in Prairie Smoke IV. There is 

a clear separation in the sizes where larger structures (^350 m) are seen more 

frequently at night and smaller structures O100 m) in the day. These systematic 

differences between night and day could be caused by the LOS passing through a 

different part oi  the region from day to night. 

3.3 Geostationary correlation data 

As an example of the geostationary yield analysis, a computer output is 

shown in Figures 3.8 and 3.9. These two figures contain auto- and cross cor- 

relation information for three channels of geostationary data over a 30-minute 

period. The computer prints "DATAFILE, INTBRVAL" and awaits response by an 

operator or punched paper tape. The "X91tjfe§" is the name under which the data 

are stored and "02" is the increment of time shift. (T) which is used in the 

correlation calculation. From this point the output is generated by the computer 

as a result of calculations. The 30-minute interval is divided into six 5-minutc 

parts numbered in the figures. 
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Figure 5.6    Daytime distribution of structure sizes 
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DATAFILE/    INTERVAL 
X91§§e     02 

X9ie§e   PART      1 
BACKSIDE      1      2 986 
NO   TIME  SHIFT 2 

2 3 
814 871        910 

1 3 
815 877        923 
1 1        2  MEAN 
980       941        881 
2 2        2  MEAN 
974        929        862 
3 3        2  MEAN 
977       934        872 

X91§§§   PART     2 
BACKSIDE      1      2 
NO   TIME  SHIFT 

2 3 
865       903        926 

1 3 
868        904        929 
1 1        2  MEAN 
980       940        886 
2 2        2  MEAN 
970        917        849 
3 3        2  MEAN 
986        961        927 

X9ie§§   PART     3 
BACKSIDE      1      2 
NO   TIME  SHIFT 

2 3 
795       869        923 

1 3 
764        840        898 
1 1 2   MEAN 
978        930        860 
2 2        2  MEAN 
973       918        846 
3 3        2  MEAN 
976        923        849 
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9 53 
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400. 
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STD   DEV 41.SCINT 9.7% 

Figure 3.8    Computer geostationary correlation printout 
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Figure 3.9    Computer geostationary correlation printout 
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Immediately under the section "X91@@@ PART 1" the line indicates the 

backside of the correlation of antennas  1 and 2 was  found since the correlation 

dropped from 0.986 at T = 0 to 0.976 at T = 2.    The next  line indicates no 

further time shifts were calculated since the correlation of antenna 2 to 1 

dropped from 0.986 at T = 0 to 0.960 at T = 2.    Therefore the peak of the 

cross  correlation curve between these two antennas is at T = 0.    The next line 

indicates that the correlation of channels  2 and 3 was  calculated by time shift 

increments of two,  and the  correlations starting at T = 0 are given on the 

following line,  e.g.,   0.814  at T = 0 and 0.802 at T =  14.    The next pair of 

lines  are for channels  1  and 3.    Note that the correlations  for channels  2 and 

3,  as well  as  1 and 3 rise to a peak at some time shift and then fall.    The last 

six lines under "X910Q@ PART  1" are the auto correlations of the three channels. 

The  first  line of the auto-correlation section    indicates  that  channel   1 was 

correlated with channel  1   (auto correlated)  by time shift increments of two. 

The mean,  standard deviation,   and scintillation of channel  1  are given for 

checking the quality of the data.    The scintillation printed here has  a dif- 

ferent definition than one used elsewhere and cannot be directly compared. 

Similarly,  results  are given for channels 2 and 3. 

The program used for this processing is normally set to calculate correlations 

for a number of data files.    More details about  the data files  can be  found in 

the      appendix      of this  report.     Normally,   an entire day   (8 hours)   of data 

takes  about 5 hours  to process. 

3,4    Orbita]   obscrvations 

As  the  LOS between the receiving station and the orbiting satellite sweeps 

through the disturbed  region,   the orientation and size of the disturbances may 

be deduced.     In the model we have been using,   the disturbances  arc  field aligned 

and quite  long with   respect  to the axial   dimensions.    These  field-aligned ir- 

regularities throw  long thin "shadows" which have a  certain orientation and 
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velocity.    Knowing the parameters of both the satellite orbit and the 

magnetic field lines in the heated region,  this orientation and velocity 

may be calculated.    The results may bo compared with the measured value of 

irregularity orientation and speed. 

An orbital pass was  recorded on 20 September 1973 from Hillsdale, 

Wyoming in which  this calculation may be performed.    During this satellite pass, 

the signal was  received on three  antennas  in a right  triangular configuration 

as described earlier in this  report.    There was an east-west pair of antennas 

and a north-south pair.    Figure 3.10 shows the auto correlation of the amplitude 

of the satellite at one of the antennas  at 05:55:30 GMT for that pass.    The 

cross  correlation of the amplitudes  received at the north and south antennas 

is also shown.    The cross  correlation of the signals from the east and west 

antennas was also computed,  but is not shown here.    These cross correlations 

can be used to calculate N-S and E-W time shifts,  and the results used to 

determine the orientation and velocity of the pattern on the ground (Bowhill, 

et al.,   1972).    The results  are tabulated below. 

Hillsdale, Wyo.     20 September 1973    05:55:30 GMT 

Time shifts 22 ms north to south 
16 ms west to cast 

Antenna spacing N-S - 66.38 m 
E-W - 63.74 m 

Apnarcnt velocities  3.74 km/s eastward 
3.02 km/s southward 

Total velocity      2.07 km/s 
at 141° bearing (i.e., east of north) 

These results may be compared with the calculated speed and direction based 

on the magnetic field alignment model. At 05:55:30 GMT, the satellite had a 

range of 1100 km, a bearing of 158°, and an elevation angle of 76°. It was 

moving northward with a velocity of 7.25 km/sec. Using calculations similar 

to those shown by Bowhill and Ward (1973), it may be shown that the magnetic 
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NORTHWARD 
VELOCITY 

HILLSDALE, WYO. 
20 SEPT 1973 
0555:30 GMT 

AUTO-CORRELATION 

20 40 
TIME SHIFT (msec) 

Figure 3.10    Orbital  correlation for Hillsdale, Wyo.   20 September 1973 
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field-aligned irregularities (dip = 68.2°) produce long, thin shadows whose 

alignment is 50.4° east of north.  Due to the satellite velovity. these patterns 

move on a bearing normal to their alignment (bearing = 140.4°) with a speed 

of 1.99 km/sec. The results of these two calculations are summarized below. 

"Shadow" Velocity 

Speed       Ik-a ring 

Calculated     1.99 km/s    140.4° 

Measured      2.07 km/s    141° 

The very good agreement in these paramtcrs tends to further confi rm the con- 

clusion that the ionospheric ASF irregularities are field aligned. 

The structure size may next be Jetermined from the autocorrelation curve. 

The 1/e point for the autocorrelation curve is found at 44 ms.  Multiplying this 

by 2 km/sec gives a structure size of 88 meters for the pattern on the ground 

(shadow). The ratio of the distance to the satellite compared with the distance 

to the heated region is used to compute the ratio of the structure size on the 

ground to the structure size in the heated region. The 1/e structure size in 

the heated region was thus computed to be 64.2 m. This may be compared to a 

range of values for structure size from about 60 m to about 250 m seen on 8 Sept- 

ember 1972 from Kimball, Nebraska (Bowhill and Ward, 1973b). 

3.5 Mathematical model 

The model which we have been using to describe the scintillation effects 

(Bowhill, et aU, 1972, pages 74 and 75, and Briggs and Parkin, 1963) can be 

used to predict the relationship between the scintillation index and the angle 

between the magnetic field and the LOS to the satellite. 

From the standard Briggs and Parkin theory, the scintillation index S is 

directly proportional to the RMS phase fluctuation y.    The value of y  may be 

found from 
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m- ■ 

5/2 
y   = m^m 

cosec i r Jo 
exp 

sec (i) 

(x-x/ 

R 
exp 

H2 

2^ 

dh 

where the terms are defined in Figure 3,11. 

We are using a field-aligned Gaussian distribution shifted xn km north 

of overhead Platteville.    The e-folding vertical distance is H,  and the e- 

folding horizontal distance is R.    As  can be seen, we are integrating along 

the LOS  from the observer to the satellite.      If this integration is  carried 

out, we find 

2      RH cosec j) cosec  (6  + tjO            /"^O " hmu)   1 Y^ a —     ' ' ■  ■"-    exp < —   ^ 

^R  2  + H2  U2 l   (H2u2  +   R2) j 

where u = tan 'J' (1 + cot <S cot  (ö * ^)) . 

A computer program has been written to evaluate this function.    The results 

may be compared with actual data by plotting scintillation index versus the 

angle to the magnetic field for both the experimental and the theoretical data. 

Values of horizontal  and vertical  e-folding distances  as well  as horizontal 

displacements north or south of Platteville may be varied to find a "best fit" 

to the available data. 

Examples of plots of scintillation index versus magnetic field for several 

satellite passes  are shown in Figures  3.12 through  3,15.    These are  followed by 

theoretical   curves of normalized y   (directly proportional  to scintillation index) 

as a function of \p (angle between LOS and magnetic field)  for various parameters. 

Figure  3,16 shows how the curves  differ for various values of the height of 

maximum heating.    Figure 3,17 shows  a family of curves  for various  e-folding 
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I. 

Local dip angle (= 68.2°) 

Height of satellite 

Height of maximum of heated region 

Distance (north) of overhead Plattcville (PV) of 
maximum of heated region 

Incidence angle of satellite 

Height of point of integration 

Distance (horizontal) between point of integration 
and field line through observer 

ii =  Angle between LOS to satellite and magnetic field 

h = 
s 

h = 
m 

i = 

h = 

x = 

Figure 3.11 Geometry for Briggs and Parkin theory application 
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Figure 5.12 Scintillation index versus angle to magnetic field for 
Pine Bluffs 8 September 1972 02:22 GW 
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Figure 3.13    Scintillition index versus angle to magnetic 
field for Hillsdale 8 September 1972 19:35 GMT 
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Figure 3.14    Scintillation index versus  angle to magnetic field 
for Hillsdale 8 September  1972 23:24 GMT 
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Figure 3.15 Scintillation index versus angle to magnetic field for 
Hillsdale 20 September 1973 
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Figure 3.16 RMS phase fluctuation as function of angle to 
magnetic field and height of heating 
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68.2° 
250km 

H=50km 
R=5000km 

H=R=75km 

H = R = 50km 

5 10 15 20 

ANGLE BETWEEN LOS AND MAGNETIC FIELD (deg) 

Figure 3.17    RMS phase fluctuation as  function of angle to 
magnetic field and e-folding distances 
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distances. The curve for H = 50 km, R = 5000 km shows the shape of the curve 

if the horizontal extent of the region were essentially infinite. In this 

case, the variation in y  due only to the change in 4) is displayed. Figure 3.18 

gives the variation in y  versus \\)  as the heated region is displaced to the 

north of Platteville. 

The parameters of the heated region may be estimated by finding a "best 

fit" curve for the data. Shown on each experimental data plot are the values 

of the parameters which give a fit to the displayed data. In general, an e- 

folding distance of 50 km and a 30 km north displacement seem to fit the data 

well  for h    = 250 km. m 
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Figure 3.18 RMS phase fluctuation as function of angle to 
magnetic field and displacement of the center 
of the heated region 
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4. MAPPING AND YIELD 

4.1 Introduction 

A number of both orbital and geostationary transmission experiments have 

been performed in which the transmitter yield as well as the morphology of the 

heated region may be deduced. The orbital satellite station performs a rapid 

scan through the heated region, allowing the horizontal and vertical extent 

to be studied. The geostationary station, on the other hand, observes the 

variation of the region during power variations, and gives insight into the 

relationship between power and scintillation index (yield) for the stationary 

LOS. 

4.2 Analysis of geostationary yield 

The yield of the Platteville transmitter with respect to scintillation 

index was studied using the geostationary experiment.. The scintillation index 

S is calculated from the amplitude A by the expression (Bowhill, et al., 1972) 

<A2>/<A>2 = S2 + 1 

4.2.1 Ambient geostationary 

In order to find the baseline scintillation, the geostationary experiment 

was operated on 24 September 1975 when no heater was present. The scintillation 

index is displayed in Figures 4.1 and 4.2. The baseline scintillation index 

is about 1.5?6 with noise peaks occasionally higher. The heater is turned on 

near the end of the period in Figure 4.2 with small effects seen until the power 

is at -3 dB. 

Since the time response of the scintillation index to variations in power 

is on the order of a minute or so, the Type 1 power stepping experiment in which 

the power was varied in steps for 10-minute intervals was chosen as the yield 

diagnostic. The most reliable Type 1 experiment with respect to heater operation, 

power calibration, and geostationary data reliability was performed on 20 September 

53 

WMHilMMlMH ■    - -  -   - [■——■■II      I t^MkJJ-h.--L.iJ.J..^^^.rA|lB,1(Mll.-.t-,^.'.^:^:a.^.^J,■■..-.■...■   .  ■  .-    _     , 



■" i^^mmnmmmtmmm^m^^^mm^mmm^" SP»P 

>■ 

Q: 
< 
2 — CÜ 

o _i _) 
—   . to iii LÜ 

5T
A

T 
W

Y
O

 
. 

19
7 z: 7" 

2: 
< 

2 
< 

ö  -tr i X 
UJ ^ fi- o o 
(D W LÜ 

3 en 1 
1 
1 
1 

< 
or 

to 
± 

O 
ro 

o 
o 

o 
rO 
ro 

O 

ÜJ 

I- 

O 
o 
ro 

to 
r» 
O) 

I 
to 

CM 

X 
<u 
t3 
c 

•H 

§ 
•H 

•H 
*-> 
.5 
o 
ISI 

X 

§ 
• H 
■M 

(« 
O 

M, 

4) 
•H   +J 

3, 
•H 

^t K) CVJ 

(%)   XBQNI  N0I1V11I1NI0S 

54 

«MMM r^^^M ^""■J'"- ■         ■J..>.-.. .—.^I.S.ai.f.la.A-,^..^ ...:- 



P"" ■-imm.-' ■ • —  ^ j^uuii-gniuiMi in • 

~  JC.   u- 
e> co Lü 

F- 
rj 

ro 
i 

CD 

O o 
CD 

.. 4-- 
OQ 
X) 

_L 

o 
ro 
if) 

UJ 

LL. 

o 
en 
UJ 
h- 

CO 

< 
ct: 

O 
O 
LO 

in ^ ro CM — 
{%) XBQNI   NOIlVinilNIOS 

o 
ro 

to 

en 

(U 

I 
*-> 
(it 
i) 

if) 

CM 

X 
0) 

■o 
c 

c 
o 

•H 

•H 
4J 
C 

•H 
U 

c 
o 
•H 

% 

o 
0) 

C  CM 

1 ^ 
rsl 

(1) 

•H 

55 

  MM^H^K^K« IJtf^MittttliMni^iiliritifariVnr^IrMiihfliiinjMArlr-'Üliiiiirti" 



""•———-••'-'-'•'"-■•""•-■'PW^WWWBBWW'iPimPBW^BWWWPPIW wwm^*m^m™mmm^m^*mme^*mm^*mi —-~ p""*" 

1973 from 2100 to 2200 MST. These data are displayed in Figure 4.3. As 

can be seen in this figure, the ratio of f.. to foF2 was held fairly constant 

as the power was increased. The increase in sei tillation index is clearly 

seen. 

4.2.2 Analysis 

In an attempt to accurately determine the relationship between the scintil- 

lation index and the transmitter power, the data shown in Table 4.1 were tab- 

ulated. The value of the mean scintillation index was determined by omitting 

the first minute from each group and averaging the remaining data. The power 

was determined from the Platteville transmitter logs. These data were next 

plotted on  log-log paper to determine the quantity x in the relationship 

S « PX. The results are shown in Figure 4.4. As can be seen, data points 2 

through 5 lie approximately on a line of slope x = 1.0. Data point 1 with power 

= 0 cannot be shown on a logarithmic scale. Point #6 for the highest value of 

power (0.970 MW) seems to exhibit a saturation effect, while point #7 is derived 

from a short group of data following the 0.970 MW sequence.  It should be pointed 

out that this yield result (S <* P ) differs from an earlier Prairie Smoke result 

1/2 showing S a P   (Walton, et al., 1973). The earlier data however were based 

on a scatter plot of data collected over a long period of time rather than a 

power-stepping experiment as described here. Also, the earlier power cali- 

brations were less reliable than the power data presented here. 

4.3 The Redbird experiment 

On the night of 18 September 1973 (19 September GMT date), the geostationary 

satellite ATS-6 was received by two stations. One station was the Lusk receiving 

station described earlier in this report. The other receiving station used a 

single receiver mounted in the mobile Winnebago shell. This receiving station 

was located 57.4 km north of the Lusk station at Redbird, Wyoming. The LOS from 

Lusk to ATS-5 passed over Platteville at 275 km height, while the LOS from 
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Table   4.1 

Tabulation of power and scintillation index for the 

September 20,  1973 Type 1 Yield Experiment 

Time Mean scint. index Power 
Point GMT Ch 1 Ch 3 (MW) 

1 0400-0410 1.75 1.77 Off 

2 0410-0420 1.51 1.56 0.188 

3 0420-0430 2.14 3.00 0.299 

4 0430-0440 4.36 3.75 0.390 

5 0440-0453 4.11 5.33 0.598 

6 0453-0459 4.36 3.92 0.970 

7 0459-0502 7.50 10.05 0.270 
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Figure 4.4    Scintillation index versus power 
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Rcdbird passed over Platteville at 328 km (a difference of 53 km). The elevation 

angle of the geostationary satellite was 42,5 deg. 

The scintillation index computed during the Redbird geostationary experi- 

ment is shown in Figures 4.5, 4.6, and 4.7. These figures show the scintillation 

index computed from the signal received at both Lusk, Wyoming, and Redbird, 

Wyoming from 0600 to 1020 GMT on 19 September 1973. The scintillation index 

of the signal received at the Lusk site was computed from data stored on digital 

magnetic tape in the same manner as described earlier in this report. The 

scintillation index of the signal received at Redbird was computed by detecting, 

filtering and digitizing the analog tape records of the signal which were made 

during this experiment. 

The power data shown in Figures 4.5, 4.6, and 4.7 were prepared from the 

"log of measured transmitter output" supplied by SRI for these times. The 

value of foF2 = 3.03 MHz was reported to be constant over the entire period. 

The transmitter frequency was also held constant during this time at 2.8 MHz. 

This gives a ratio fH/foF2 = 0.924 for the entire period. 

The scintillation data, in spite of the stability of the ionosphere, are 

quite variable with time. It can be seen that extended periods of reduced 

power (10 minutes or more) correspond to periods of reduced scintillation index. 

On the other hand, extended periods of constant full power operation (Figure 

4.7) yield large variations in the scintillation of the signal received at both 

Lusk and Redbird.  Detailed comparison of the Redbird versus the Lusk scintil- 

lation index shows a great deal of short-term variation. There is somewhat 

greater long-term (15 minutes or more) similarity however. This implies that 

there does exist a certain amount of correlation between the region probed from 

the Lusk site and that probed from the Redbird site. 

It is clear that some further analysis of these data can be performed. A 

more accurate measure of the correlation between the Lusk and the Redbird data 
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has been computed. The scintillation data were entered into a computer, and 

the auto- and cross correlations were computed. Figure 4.8 is the auto cor- 

relation of the scintillation index values for both the Lusk and the Redbird 

receiving sites. Note that there is evidence of a 6 minute (or so) periodic 

structure in both sets of data. The periodic structure seems mach more pre- 

dominant in the scintillation data computed at Lusk than at Redbird. Those 

data were next cross correlated, and the results are shown in Figure 4.9. Uiir.e 

again, 6-minute periodic effects may be seen, although the magnitude of the 

cross correlation is rather small. There is a time (or phase) shift of these 

periodic effects of about -1 minute. This implies a resultant velocity of 

900 m/s southward for these periodic effects. These results arc consistent with 

an actual velocity which is largely east-west and considerably smaller than this 

resultant north-south value. 

4.4  Extended scintillation studies 

For the night of 17 September 1973, a continuous record of the scintillation 

index as a function of time has been computed. This record begins at 23:15 MST 

September 17, 1973 and ends at 06:45 MST September 18, 1973. A great deal of 

simultaneous other data have be^n provided by SRI, and may be compared to the 

scintillation index data.  Figures 4.10 through 4.14 show plots of the various 

data provided Aeronomy Corporation. The values of the scintillation index were 

calculated by the scintillation formula described earlier in this report. The 

other data displayed in these figures were provided by SRI. The radar cross 

sections were obtained from the SRI radar facility near White Sands, New Mexico. 

The transmitter power and the values of foF2 were taken from the Platteville 

transmitter logs. Also available were ionograms taken at Boulder, Colorado 

during the experiment. These data have all been incorporated into Figures 4.10 

through 4.14. 

Several interesting observations may be made concerning these data. First, 
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i.Or AUTO-CORRELATION 
19 SEPT. 1973 

 LUSK 
  REDBIRD 

TIME SHIFT (min) 

Figure 4.8    Autocorrelation of Lusk and Rcdbird data 
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the data points shown in the scintillation  index section of those figures each 

requires  processing of 60 seconds length of geostationary satellite  amplitude 

data.     This means  that  the sections   containing pulses and power steps   cannot 

be used on a one-to-one basis since the pulse and power parameters   are being 

changed as  rapidly as once per minute.     The  relative cross section  data available 

during  these special times gives a good  indication of the power variations,  but 

the  ionospheric response with respect  to the production of scintillations  is 

too slow  to respond to the rapid variations. 

The  effect of transmitter variations with time scales of 5 minutes or more 

may be more easily seen in the scintillation index plot.    The transmitter was 

switched to X-modc heating from 00:20 M3T to 01:00 MST,   for example.     When the 

switch was  made from 0-mode to X-mode heating at 00:20 MST,  the general   level 

of scintillation can be seen to have been reduced from about 7% to about 4%. 

The value of fH,   foF2,  and heater power  (P^   all remain rather constant during 

the change.    The switch back to 0-mode heating at 01:00 MST is more dramatic. 

As can be seen,  the values of fj,   foF2,   and PH are all  constant as   the switch is 

made from X-mode to 0-mode heating.     The scintillation increases  rapidly from 

about  2%   (equal to the ambient  level)   to an average of 6% or more.     A rapid in- 

crease in the relative cross section may also be seen at this point.    The time 

response of the scintillation index following a transmitter switch-off may be 

seen at  03:00 MST. 

This   switch-off was preceded by  10 minutes of full power cw.     At  the time of 

the switch-off,  the scintillation index has reached about 806.    This  index drops 

to about  2%  in 9 minutes or so.    This  9-minute decay rate is  larger than the 

typical  daytime value of about  1-5 minutes. 

This  off period was  followed by 3 minutes of full power operation from 

3:27 until  3:30 MST.    As  can be seen,   this  3-minute "burst" of power causes a 

rapid onset  in the scintillation index  Crise from 21 to 8% in about 3 minutes) 
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which seems to overshoot a bit before decaying in the previously observed time 

of about 9 minutes. 

A final item on these figures is of particular interest. The period from 

05:15 MST till 05:35 MST shows a marked decrease in the scintillation index, 

the radar cross section, and the amount of observable artificial spread F (ASF). 

During this time, the value of foF2 was increasing rapidly while the value of 

f.. = 2.75 MHz and the transmitter power of 1.35 MW was held constant. The speed 
H 

with which the scintillations drop from about 9% down to about 3% is comparable 

to the scintillation decay time discussed earlier of 9 minutes. During this 9- 

minute period, the ASF can be seen to decay from a condition of very severe to an 

F-rcgion trace that seems nearly normal for an undisturbed ionospheric F region. 

The radar cross section data (available as frequency sweeps during the times marked 

"S" on the figures) was also observed to drop rapidly. Figure 4.15 is a plot 

showing the relationship between the radar cross section (at 55 NDIz) and the ave- 

rage scintillation index for various times during this drop-out as well as an 

extra "fill the gap" point taken at 00:35 MST. As can be seen, there is a nearly 

linear relationship between cross section and average scintillation index. 

4.5 Orbital morphology 

A number of observations of the scintillation of orbital satellite signals 

after propagation through the heated region have been made. Most of the data 

and interpretations are available in the past series of Prairie Smoke reports. 

In general, the overall heated region is found to be a field-aligned Gaussian 

ellipsoid centered at the F-region maximum.  It has an e-folding radius of 

about 50 km, and its center is typically located about 30 km north of the 

Platteville transmitter. There is a great deal of variation about this typical 

case, however. The orbital experiment will often show a patchiness or perhaps 

even a "hole" in the center (burn through) of the cloud (resulting in a doughnut- 

shaped cloud) over Platteville. 
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Of particular interest is the scintillation data from the Hillsdale site 

for 20 September    1974.     In these data.  E^region as well as F-region effects 

are evident.    The ionogram for that experiment   (Figure 4.16 shows a very strong 

Es  layer  (at   100 km)   as well  as the F-region traces.    The scintillation index 

data seen in Figure 4.17 may thus be interpreted with respect  to both E 
s 

and F-region  effects.    The peak in the scintillation index curve  (Figure 4.17) 

from 0555 to 0556 GMT can be matched with  an F-region cylinder 50 km in radius. 

30 km north of Plattevillo  (Figure 4.18).    The peak in Figure 4.17 from 05:55:45 

to 05:54:30 GMT corresponds  to an 0.,   cylinder with 35 km radius shifted 40 km 

north of Platteville   (Figure 4.19).    The proper cylinder was determined by ad- 

justing the  radius  and distance north until  the cylinder model showed that  the 

LOS passed above and below  100 km corresponding to the start and stop of 

scintillations.     The F^-rcgion scintillations  are  found to exist even though 

the heater transmitter was  operated on a frequency chose to enhance the F- 

region effects.    Also,   the  cylinder model which matches  the observed E-region 

scintillation data was  smaller in radius   (35 km)   than the F-region cylinder 

(50 km).    Both  cylinders were displaced north  of overhead Platteville   (40 km 

north  for the E,.  region and 50 km north  for the F region).     Finally,   it should 

be pointed out  that since this  is  the  first available  crossfield data,   this  is 

the  first time that the agreement with the cylinder model   for such a configuration 

could be confirmed.     A height range from 220 km to  340 km was  determined  for the 

disturbed region on 28 September 1973.  when the true height of reflection of 

the healer signal  was  reported  as  232 km. 

A further consequence of the field-aligned ellipsoid model  under study 

here is the possibility of multipath.    As  the orbital  satellite nears  an up-field 

position,  the possibility of reflection of the signal   from the irregularities 

increases.     It   -nay be  possible  for the  receiving  station   to  receive  this   re- 

flected signal   as well  as  the direct signal   for a short  time.    Characteristic 
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Figure 4.18 Cylinder model plot for Millsdale, Wyo. pass 
20 Sept. 1973 
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multipath interference patterns should be seen in the amplitude versus time 

records for that time. A careful search of all available up-field orbital 

data has been made. No data containing the characteristic multipath inter- 

ference pattern has been found. 

4 .6 Cimarron height variation 

In order to study the variation of the heated region as a function of 

height, an orbital pass observation from 408 km geomagnetically south of the 

Platteville heater was made. This site, in Cimarron, New Mexico, was on a 

line extending normal to the magnetic field of the heated region (i.e., the 

cross field point) . 

Two satellites (on 27 and 28 September) moving from south to north were 

observed through the heated region.  Figures 4.20 and 4.21 show the satellite 

signal amplitude as a function of time as the LOS passed through the heated 

region.  Comparison of these data with the Hiilsdale (down field) data has 

revealed some distinct differences. The scintillations at Hiilsdale are deeper 

and more rapid than those seen at Cimarron. Also, it can be clearly seen that 

the signals from the rhree receivers at Hiilsdale exhibit more similarity in 

the small-scale variations than the signals at Cimarron. Many of the peaks 

and nulls of the Hiilsdale data are clearly seen in all three channels, but 

this is not true with the Cimarron data. 

As an aid to interpretation of the data presented in Figures 4.2U and 

4.21, the region of interest was modeled as a field-aligned cylinder. The pro- 

jection of this cylinder on the 300-km-altitude plane is a circle which may be 

displaced to the magnetic north or south of overhead Platteville (Bowhill, et al., 

1972, page 71). The altitude of the entiy and exit of the satellite LOS from 

such cylinders is plotted as a function of time in Figures 4.22 and 4.23. The 

elevation angle and range from the observation point to the .satellite as well 

as the angle of the LOS to the magnetic field over Platteville are also shown 
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in these figures. Figure 4.23 also shows the true height of reflection for 

the transmitter frequency (provided by SRI). Figure 4.22 d.es not contain 

this true height due to the effect on foF2 of a magnetic disturbance for that 

day. 

One would expect scintillations to occur when the LOS passed through the 

cylinder at regions near the true height of reflection of the heater trans- 

mitter signal. 

Figure 4.24 shows the scintillation index versus time for the 28 September 

1974 data, A description of the method used for obtaining these plots is given 

by Bowhill, et al. (1972). 

The cross field location of the Cimarron site allows one to determine the 

vertical extent of the heated region by utilizing the scintillation index 

plots and the corresponding cylinder plot. To determine the height, a smoothed 

mean value curve of scintillation indices as well as a horizontal axis calibrated 

in average cylinder height for a field-aligned cylinder of 50-km radius located 

30-km north of Platteville are displayed in Figure 4.24.  It is evident that 

the heated region extends from approximately 340 km to 220 km. Note that the 

definition of the lower height is much sharper than that of the upper height 

as evidenced by a slow decrease in scintillation index in that region. The 

true height of reflection at f during this period was 232 km (fc versus true- 

height data supplied by SRI). 

4.7 Pulse compression 

4.7.1 Theory 

In order to obtain higher peak power in the ionosphere than the value due 

to maximum transmitter power, a pulse compression technique was suggested. 

This idea uses the time delay versus frequency characteristics of the ionosphere 

near the critical frequercy.  In this region, a small increase in frequency 

produces a large increase in the time required for the signal to reach the 
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reflection level. The reflection level is assumed to be the level at which 

the heating effect is produced. The actual change in height near the critical 

frequency due to a frequency change is considerably less than the change in 

the virtual height (time delay) due to such a frequency change. To take ad- 

vantage of this, a frequency sweep may be transmitted such that the higher 

frequencies are transmitted first, followed by the lower frequencies. The 

lower frequency components, with less time de.lay, might then "catch up" with 

the higher frequency components.  In fact, if the frequency sweep is carefully 

chosen, the total signal could arrive at the height of reflection simultaneously, 

and deposit a pulse of energy much greater than the average energy available. 

The pulse compression experiment was performed in order to study the effect of 

such a frequency sweep scheme. 

4.7.2 t-'xperiment aj arrangement 

In order to implement these ideas, the equipment shown in the block dia- 

gram of Figure 4.25 was set up  The bandwidth of the transmitters is 100 kHz, 

which limits the frequency range over which they can be swept. These trans- 

mitters are driven by an IIP 5100A frequency synthesizer, which can be frequency 

swept using an applied dc voltage.  It was modified so that it could be fre- 

quency swept at rates up to 10 kHz. A function generator was used to generate 

the voltage ramp and the offset bias such that the frequency sweep rate and 

extent of frequency shift as well as the average (center) frequency could be 

adjusted. The output of the function generator was monitored using an oscillo- 

scope. 

Once the equipment was set up, the operating procedure shown below was 

followed. 

20 min before start time   Get h'(f) data from local VI ionosondo 
Plot data. Calculate T 

1 min before start time    Get for2 update and calculate operating 
frequency (96 to 99% foFZ) 
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Table 4.2 

Transmitter parameters during the Pulse Compression Experiment 

Grecnwi 

Date 

ch Mean 

Start time 
Desired 
fH(MHz) 

Actual 
fHCMMz) foF2(MHz) T(ms) 

Sept 11 18:26 5.70 5.9491 5.94 100 0.094 

Sept 12 00:25 5.94 5.940 6.16 96 0.080 

Sept 21 07:40 2.80 2.80 2.90 96 0.33 

Sept 25 14:05 4.65 4.602 4.77 96 0.47 

Unable to operate on 5.7 MHz.  Closest frequency was 5.949 MHz. 

2 
Unable to operate on 4.65 MHz.  Closest frequency was 4.60 MHz. 

The last two runs were planned to have f ■= 99% of foF2. Operational 

and legal restrictions prevented this. 
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on September 12, 1973 (Figure 4.27) seems to have the best "match" as to 

ionospheric parameters. 

Radar backscatter data are available for each of the experiments. The 

results are shown in Figures 4.30 through 4.33. The reduction in relative total 

cross section shown in Figures 4.30 and 4.31 may be accounted for by the re- 

duction in transmitter power during the frequency sweep section of data. The 

-6 dB am) -7 dB power measurements shown in Figure 4,30 were calculated from 

a iO-channel chart recording prepared at the Platteville transmitter site. 

Each of the ten transmitters has a forward power meter, and the dc voltage derived 

from these meters was recorded o.i 10-channel chart paper. Power calibration 

data for Figure 4.31 were taken from the SRI power monitor data. These data 

were provided by SRI in the form of a log  of measured transmitter output. More 

accurate power calibration for the 21 Scpcember 1973 data is not available at 

this time. 

It is clear from these plots that no significant change in the relative 

total cross section occurs due to the frequency sweeping performed during these 

experiments. This appears to indicate  that the onset time of the ionospheric 

instability is comparable to, or larger thai., the repetition time of the pulse 

compression wave form. Under these circumstances, it is essentially the 

average power which is seen, and the pulse compression does not produce an ef- 

fective increase in yield. 
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5.     SU1\LV1ARY 

The Platteville iunosphcric modification transmitter facility transmits 

on the order of 1.5 megawatts of power from a vertically-directed antenna 

array. The major effect of this intense RF heating is the production of large- 

scale field-aligned irregulatirites in ionization produced in the F layer de- 

scribed as artificial spread F (ASF). To clarify the reason for this description, 

the properties of naturally-occurring spread F (NSF) are briefly described, as 

are the characteristic differences between NSF and ASF. The properties of ASF 

are then combined into a single rational model suitable for systems-analysis 

purposes. 

5.1 Natural spread F 

NSF derives its name from the appearance produced on a sweep-frequency 

ionogram by irregularities in F-rcgion ionization. These have been investigated 

extensively, and have indeed been the subject of a conference (Newman, 1966). 

While NSF has been classified into several distinct kinds, its mechanism of 

origin remains a mystery, as far as the temperate-latitude manifestations are 

concerned. Certain facts, on the other hand, seem fairly clear: 

1. NSF is primarily a nighttime phenomenon, occurring to various 

degrees on perhaps 10-20 percent of nights at a typical mid- 

latitude station. 

2. NSF tends to occur in patches several thousand kilometers in 

diameter, which seem to originate around magnetic latitude 60 deg 

and spread to lower latitudes. 

3. The irregularities producing NSF are in the form of randomly ar- 

ranged ellipsoidal enhancements or depletions of ionization, the 

principal axes of the ellipsoids being parallel to the local mag- 

netic field direction, and the ellipsoids being centered approximately 
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on the F-region peak.  In a horizontal direction, the electron-density 

profile has a random fluctuation with distance, the correlation 

function of the variation having an e-folding distance of about 1 km. 

4. Parallel to the magnetic field, the enhancements or depletions of 

ionization continue through the F-rcgion peak, and the fractional 

fluctuation ^n electi-on density seems to be approximately independent 

of altitude. 

5. The spreading of ionosonde traces can be explained as due to trapping 

of obliquely incident signals in field-aligned ducts produced by 

the ionization depletions, causing the wave to be trapped and reflected 

at a range exceeding the normal range. Thi«; ducting is visible both 

from the bottom and topside (from sweep-frequency sounders on satel- 

lites) . 

5.2 Artificial spread F 

The leading features of ASF may be compared with NSF as follows (using 

the same numbering as in Section 5.1): 

1. ASF occurs on every occasion when ordinary-mode heating is used at 

a frequency slightly less than foF2. However, it appears to be more 

severe at night for the same heating power. 

2. ASF occurs in an approximately circular region with radius about 50 km 

centered about 30 km north of the heater transmitter, with an onset and 

decay time of about a minute relative to the time of heating. The 

intensity of the irregularities is somewhat nonuniform in the horizontal 

direction, perhaps due to variations in the intensity of heating pro- 

duced by gross horizontal inhomogeneities in the P layer. 

3. As with NSF, the irregularities are field aligned with maximum in- 

tensity in the F-rcgion peak. However, the e-folding distance of the 

horizontal correlation function of the structures is about one-tenth 
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of the natural scale; namely, about 100 m. The ASI: irregularities 

move horizontally with | few tens of m/s, apparently corresponding 

to horizontal motions of the entire 1; layer, 

4. As with NSF, the ASF irregularities continue all through the F layer 

from 200 to about 450 km altitude, their intensity being approximately 

proportional to the ambient electron density. 

5.3 Transmission experiment results 

Both the geostationary and orbital satellite transmission experiments 

probed this ASF region. The geostationary data show that the disturbed region 

contains approximately field-aligned irregularities moving in an east-west 

direction with velocity 25 to 125 meters per second, and with essentially no 

internal random motion. The observed correlation distance transverse to the 

magnetic field varies from a daytime range of 100 to 250 km to a nighttime range 

of 250 to 550 km. 

The transmission experiment using orbiting satellites has been carried out 

on a substantial number of satellite passes. Generally, ground observing points 

have been selected so as to ensure that the LOS to the satellite traverses the 

center of the disturbed region over the heater.  If the satellite passes directly 

i ver Platteville, it is possible to choose a site which looks directly upfield 

through the disturbed region when the scintillation depth is greatest. However, 

in general, the angle between the LOS and the magnetic field in the ionosphere goes 

through a minimum value greater than zero, and the depth of fading is shallower, 

the greater this minimum value.  It is clear that the closer the LOS passes to 

the magnetic field, the greater the depth of scintillation. 

In making a close study of the cross correlation function of two spaced 

antennas during an orbital pass, much finer structure was observed. Analysis 

of this structure and the larger structure in conjunction shows that their 

correlation distances appear to fluctuate together but with a ratio of approximately 

20 to 1. 
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The conclusions are as  follows: 

1. The field-aligned structure gives strong VHF and UHF scintillations 

up to 400 MHz. 

2. The scintillation index maximizes when the direction of propagation 

is close to the downfield direction.    Therefore,   for example, heating 

the ionosphere upfield from a radar will produce a "blind spot" of 

about  10 deg radius  centered on the magnetic zenith at  150 MHz 

frequency. 

3. The fading depth of the scintillation varies  inversely with frequency, 

as would be expected  from the integrated phase-path  theory of 

satellite scintilJations. 

4. The transverse scale of the large-scale structure has a half-cor- 

relaticn distance of about  100 m,  and convects  in an east-west 

direction with velocity of the ambient plasma   (about  20-50 m sec    , . 

5. The large-scale structure may extend from 200 to 450 kn altitude, and 

is usually confined within a cylinder of about 50 km radius, with its 

axis parallel  to the mag. ^ic field line. 

6. Occasionally,  unusual  shapes  for the irregular region are seen,  pro- 

bably arising  from a doughnut-shaped disturbed region due to burn- 

throuiJi of the central  core of the ionosphere above the heater. 

7. A finer-scale  structure has been  identified,  with  a scale size of 

5-10 m,   apparently centered close to the reflection height  for the 

heater frequency.    This  structure is present  for extraordinary-mode 

heating as well  as   for ordinär)   mode,  but  apparently with smaller 

intensity. 
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APPENDIX 

A.l     Introduction 

A description of the basic software developed for the analysis of orbital 

and geostationary transmission experiments  is given here.    The process  can be 

divided into two parts,  acquisition and analysis.     For data acquisition,  inputs 

were taken through an A/D converter of the PDP-8/3 minicomputer and from the 

interface to the Mctrodata Type 622 digital magnetic tape reader.    The data 

were stored on DECtape so that  it could be easily accessed by analysis programs. 

The correlation analysis programs were written to allow flexibility in output 

and for maximum speed. 

The hardware available for the work consisted of the following: 

1. PDP-8/c central processing unit 

2. Two DECtape drives with   controller 

3. A/D converter with  8-channel  multiplexer,   capable of approximately 
40 Kz single channel  sampling rate,  resolution one part  in 1024. 

4. ASR-33 teletype  for input/output 

5. Three 4C96 word memory banks   (12,288 total words),   12 bits/word 

6. OS/8 operating system containing an Editor,   FORTRAN compiler,  assembly 

language compiler 

7. Metrodata 622 digital   tape reader interfaced to PI)P-8/e 

A more detailed description   (DEC,   1972a)  is available giving speed and storage 

capabilities.    The programming  for this type of system needs  to be compact  since 

the memory is  limited and  large  data arrays arc necessary for analysis.    This 

often  leads  to elaborate assembly-language programming even though arithmetic 

operations arc difficult  in this   language. 

Most of the programmirg was  done in FORTRAN or SABR.    The reader is referred 

to the proper handbook   (DEC,   1972b)   for details  on these lanuguages.    The FORTRAN 
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is basically a subset of FORTRAN  II,   and SABR is  a relocatable machine code 

compiler. 

A.2 Data acquisition 

In order to process data available on analog tape, the data must first be 

digitized. Two programs that accept input from the A/b converter arc DCOL and 

DC0L3.  Both are written in FORTRAN and SABR, and are listed below. The program 

DCOL accepts a single channel of input and samples at a rate of 1 kHz for a 

total of 2000 samples. The start of sampling is controlled by the detection of 

a drop-out in the input signal. A synchronous drop-out in all channels was 

induced on the audio tape, and therefore samples of each channel would start at 

the same time. A single channel can be passed through a tracking filter, digitized, 

and correlated with another channel. The start of samples after a drop-out is 

a necessity for coirelation analysis. 

Three channels of input are accepted sequentially by DC0L3.  Sychronization 

if no longer a problem since the channels are being sampled nearly simultaneously. 

Each channel is sampled at a rate of 1 kHz for a total of 1000 samples. Three 

separate files are written on DHCtapc under three names assigned by the user. 

The files produced by these two programs are written onto DHCtape by a 

FORTRAN write statement so that they can be accessed by FORTRAN rend statements. 

The file organization is as follows: 

N number of samples in file 

Sample 1 
Sample 2 

Sample N 

The munhor of samples is written as the first data point so that files of various 

length can be used. Since the output of the A/D converter is integer each 

sample takes only one word of storage. The format was chosen to achieve maximum 

packing density on the tape. 
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The final data acquisition program listed is called MDDTA which reads the 

digital Metrodata Type 622 reader and transfers the samples to DECtape. The 

programming is mostly SABR mixed with some FORTRAN. The programming is rather 

complex because the Metrodata delivers single characters to the accumulator 

and the logic must decide whether the character is parity or a digit. Three 

digits must be assembled into an integer and put into the proper channel for   4 

storage. 

The files produced by MDDTA are of a different format than the other data 

files. Since three channels of data arc available from the reader at once, the 

time to record three separate files onto DECtape would be long. A file structure 

in which rhf? three channels are contained in one iile was devised. The program 

reads, separates, and decodes from the Metrodata reader five minutes of data. 

The number of samples in a channel and the samples themselves are written into 

the files; this is repeated for the other two channels then five minutes more 

data are read and written onto DECtape until 30 minutes total data are read. 

The file organization is as follows: 

K number of samples in ch 1 
Sample 1 
Sample 2 

Sample K 

L number of samples in ch 2 
Sample 1 
Sample 2 

Sample L 

M number of samples in ch 3 
Sample 1 
Sample 2 

Sample M 
0 
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The final  zero is used to signal  the end of file.    This example has one sweep 

of channels  (1,2,3), but typically six sweeps were stored in one file with 

K=L=H=500.    With this  configuration  30 minutes of Metrodata output  could be 

accomodated in one file. 

These three programs  are representative of the type of programming used for 

the data collection.    The orbital  experiment predominantly used the A/D converter 

routines,  while the geostationary experiment utilized the Metrodata reader 

programs.    A number of other programs were developed which are special variations 

of those presented here. 

A.3    Correlation analysis 

For data analysis, three basic programs are printed following this section, 

CCAÜI, CCALX, and METRO. All are written in FORTRAN and perform the correlation 

calculation on user specified files  and intervals. 

The basic core program upon which  all other correlation programs were 

built  is CCALH.    The user inputs  the data files  to be correlated and the time 

shifts  desired.    The time shifts are performed at regular intervals   (and in 

ascending order) because of the algorithm used to calculate the cross  correlation. 

This  algorithm computes  the summations  to calculate the correlation  for the 

smallest tine shift and then merely subtracts off those  terms  not  needed for 

larger time shifts.     For example,   the cross correlation  can be written as  the 

expression 

1 
N-k 

1 
J   j-»k       (N-k) }_      lljj 

2 1       ..2       1      771       .2 

where k   is  the shift  ami all  the summations run  from  1   to N-k.     Suppose A and 

B contain  3 samples   (N»3)   and the correlation for k = 0  is  calculated. 

The various summations  are as   follows: 

£AjVk  = A1B1  +  A2B2 + A3B3 
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"j  ' Al  * A2 * A3 

IBj.k = ^  * B2 *  B3 

KAj)7 ■ A,2 . A/ * A32 

^W2 -  B.2 *  B22 '  B
3

2 

For a shift of k =  1  the expressions become as follows: 

lkfi* " A1B2  + A2B3 

TA.   = A1  + A2 

ZB
j+k  =  B2  +  B3 

I(A.)2 . Aj2 ♦ A2
2 

^Bj+k)2 =   (B2
2 +  B3

2) 

The cr( j terms must be recalculated every time but the other summations 

a-e merc]y the previous summations with a term removed. This program utilizes 

this principle to speed up the calculation.  If the time shifts are done in 

ascending order and at regular intervals a systematic formula for removing 

terms can be used.  It should be noted that no gain in speed is obtained for the 

first time shift, but for many time shifts the gain is quite significant. 

This program also has available two types of output, tabular or plot. 

The tabular printing is fa-ter and the results are printed one time shift at a 

time.  For the plot, all the time shifts arc calculated, the minimum and maximum 

are found, and the plot is scaled appropriately. Therefore, there is a wait 
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during which all the calculations are being done. The plot enables trends 

in the data to be easily d,'tcrmined. 

The second program CCALX is very similar to the first but it is able to 

read correctly the data file which contains tnree channels of data. The input 

i? slightly different, but the actual calculation, printing, and plovting are 

identical to CCAL1I. 

Subroutine CPLOT is used by CCALH and CCAI.X to plot the results.  It 

searches the input data for minimum and maximum, and scales the data while being 

printed. 

The final program (METRO) is the one which generated the correlation print- 

outs described in an earlier section.  It .;as developed to provide automatic 

processing of files prepared from the Metrodata reader. 

The program accept; a minimum of input, program name and calculation interval 

A short paper tape can be prepared, and the computer can be left unattended for 

10-12 hours calculating results. The program calculates the cross correlation 

of each possible pair of the three channels attempting to locate the peaks of 

the cross correlation curves.  It contains logic which can deal with situations 

where the peak is in the reverse time shift or even where there is no peak at 

all. The autocorrelation of each channel is computed along with several statis- 

tical quantities to enable analysis for data quality. 

The rorrclation calculation is identical to that of CCALH with different 

input, output, and logic to control the action of the program. There is no 

plot available, but the output is very comprehensive (for example see Section 

3,3). This program was used in the velocity and structure size plots given in 

Section 3.2. 

Finally, a number of other programs were developed to get results from 

the geostationary and orbital transmission experiments. One of the most Important 
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was the calculation of scintillation index. The scintillation of orbital 

data was calculated in real-time during sampling of the analog tape. The 

scintillation of geostationary data was calculated from the data files stored 

on DECtape. Other versions of the correlation programs were used at various 

times, but the ones printed here represent the latest and most efficient 

algorithms. The software development was a continuing effort throughout the 

wo-k period. 
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DCOL 
I DEN 
bLGI 
THL 
2000 

Ü 

C 
c 
c 
c 
c 
s 
s 
s 
s 

5 
9 

10 

11 

12 
14 
S 
s 

15 
S 
S  ASK, 
c * 
S 
s 

16 

51 
52 
S 
S   BSK> 
S 
S 
S 

31 
55 

DIGITIZATION  PROGRAM 
(1-channel) 

FT 
TIMES   A   DIP   IN   INPUT   SIGNAL   TO   AD 
r;S   COLLECTING   SAMPLES   A   SHORT   TIME 
AMOUNT   OF   DIP   DETECTED   IS   VARIABLE 

CHANNEL   P 
AFTER   THE   DIP   ENDS 
bY   USER   INPUT 

S 
s 
s 
s 
s 

32 
Al 

SK; 

SAMPLES   AT   1000   SAMPLES/SEC,   TOTAL   OF   2   SECONDS   INPUT 

O^DEF  ADLM   6531 
OPDEF  ADST   Ö532 
OPDEF   ADRB   6533 
SKPDF   ADSK   6i34 
DIMENSION   IS(2000) 
WRITEC 1,9) 
FORM AT('    DATAFILE   NAME') 
READ(U10)    FNAME 
F0RMATCA6) 
CALL  OOPEN('DTAl', FNAME) 
WRITEC 1,1!) 
FORMATC THRESHOLD FOR START') 
READCI«12) LDIP 
F0RMAT(I2) 
ID=0 
CLA 
ADLM 
PAUSE 
CONTINUE 
ADST 
ADSK 
JMP ASK 
ADRB 
DCA \IT 
IFCIT-LDIP) 16,16,51 
ID=1 
GO TO 15 
IF(ID) 15,15,52 
DO 55 K=l,50 
ADST 
ADSK 
JMP BSK 
ADRB 
DCA \IT 
DO 3 1 L=l,50 
CONTINUE 
CONTINUE 
DO Al K- 1,2000 
ADST 
ADSK 
JMP SK 
ADRB 
DCA \IT 
IS(K)»IT 
DO 32 L=l,33 
CONTINUE 
CONTINUE 
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DIGITIZATION   PROGRAM   (Cont'd) 
(1-channel) 

WRITE< |«4a) 
12 FORM AT <•   OK=0   •) 

READ(1^43)   NTRY 
43 F0RMAT(I2) 

IF(NTRY)    I4«44«14 
^« CONTINUE 

K=K- I 
tfRXTE(4«49)   K 

A5 F0RMAT(A2) 
WR1TE(4,50)    (IS(N)>N=1,2000) 

50 FORMAT< 100A2) 
CALL   CCLOSE 
'30   TO   5 
END 
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DIGITI; 
C  DCOL 
C  3   CH 
C FOR 
C 
s 
S 
s 
s 
s 
s 

.0 
100 
s 
s 
s 
s 

15 

s 
s 
s 
s 
s 
s 
s 
s 
5 
s 
s 
s 
e 

SKJ 

SKA* 

S 
s 
5 
S 

41 

SKBi 

7;> 
7A 
76 
78 
80 
70 

ISB< 1000),I5C( l00f)«FNAM(3) 

:'^öX,•:•) 

NATION  PROCKAM  (3-chaniicl) 
3 .FT 
ANNCLS ARE SLGUF.NTIALKY SAMPLED, FOR A TOTAL OF 1000 SAMPLES 
EACH CHANNEL 

ÜPDEF ADLE 6536 
OPDEF ADLM 6531 
OPDEF ADCL 6530 
OPDEF AD5T 6532 
OPDEF ADRD 6533 
SKPDF ADSK 6534 
DIMENSION ISA(1000) 
CONTINUE 
WRITE( 1,9) 
FORMATC DATAFILE NAME*,/,7X, 
READ(1,10) <FNAMCK),K=1,3) 
F0RMAT<3CA6, IX) ) 
ITA=64 
ADCL 
CLA 
TAD \ITA 
ADLE 
PAUSE 
CONTINUE 
DO HI   K=1, 1000 
CLA 
ADLM 
ADST 
ADSK 
,,MP SK 
ADRB 
DCA \ITA 
ADST 
ADSK 
JMP SKA 
ADRB 
DCA MTB 
ADST 
ADSK 
JMP SKB 
ADRB 
DCA \ITC 
ISA(K)=ITA 
ISB(K)=ITB 
ISC(K)=ITC 
CONTINUE 
1AMX=1SA(1) 
IBMX=ISB( I) 
ICMX=ISC( 1) 
DO 70 N=2,1000 
IF(IAMX-ISA(N)) 72,74,74 
IAMX=ISA(N) 
IF(IBMX-ISB(N)) 76,78,78 
IBMX=ISB(N) 
IF<ICMX-ISC<N)) 80,70,70 
ICMX=ISC(N) 
CONTINUE 
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"1 
DIGITIZATION PMKiRAM  (Cont'd) 

(i-cliannel) 

AMX=FLÜAT(IAMX)*ie00./5l1. 
BMX=FLOAT(lBMX)*lß00./5J|« 
CMX=FLOAT(ICMX)*1000./51I« 

RITE(1>85)   MIX#BMX«CMX 
85 rORNAT(F6*f4 IX*F6.0, 1X^6.0,' 

WRITE( 1,90) 
90 FORMATC    CR   TO   ACCEPT') 

READ<1,9 1)    ITA 
91 FORMATC 12) 

IFdTA)    100,92,100 
92 K=1000 

DO   55   L--= 1,3 
FWM=FNAM(L) 
CALL   00PEN<'DTA1',FNM) 
WRITER, 45)   K 

45 F0RMAT(A2) 
lF(L-2)    56,57,58 

56 WRITE(4,50)    ( I SA(N ) , N= 1 , I 000) 
GO   TO   55 

57 WRITE(4,50)    ( I SB(N ) ,N= 1 , 1 000) 
GO   TO   55 

58 WRITE(4,50)    ( I SC(N ) ,N= 1 , 1 300) 
55 CALL   OCLOSE 
50 FORMAT < 100 A2) 

GO   TO   5 
END 

MAX    ItJPUT   CMV)') 
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1 
10 

11 

s 
s 
s 
s 

5 

6 

S 
S 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

OPDEF 
OPDEF 
SKPDF 
OPDEF 
OPDEF 
RST, 

REDM, 

READi 

DTST, 

DA> 

SP. 

METRODATA DIGITAL MAGNETIC 
TAPE READER PROGRAM 

DIMENSION   ISO,500) 
VftITC< U 10) 
FORMATC   NUMBER  OF   5 MIN 
REAO(l#ll)   IBLK 
F0RMAT(I2) 
ICB=0 
CLA 
TAD   \IBLK 
CIA 
DCA   \IBLK 
WRITE< 1,5) 
FORMATC   DATAFILE  NAME   M 
READ<i,6)   FNAM 
FÜRMAT(A6) 

00PEN( 
6 NU 
6U2 
61A3 
6U4 
6145 

M750 
BCNT 
M96 
CM96 
\K 
\K 
\CNL 
\CNL 

CALL 
MSTR 
MTAD 
MSKP 
MSTP 
MRST 
CLA 
TAD 
DCA 
TAD 
DCA 
DCA 
INC 
DCA 
INC 
MRST 
MSTR 
MSKP 
JMP   REDM 
MTAD 
ISZ   CM96 
JMP   REDM 
MSKP 
JMP   READ 
MTAD 
TAD  M12 
SMA 
JMP   READ 
MSKP 
JMP   DA 
MTAD 
TAD  MU 
SMA 
JMP 
TAD 
JMP 
CLA 
TAD 
DCA 
JMS 

DTA1 SFNAM) 

SP 
PM 
DTST 

Ml 
RDSK 
SKCH 
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MliTRODATA PROGRAM  (Cont'd) 

S CONTL ...MSKP 
S JMP CONTL 
s MTAO 
5 TAD M12 
S SZA 
s JMP AHD 
s CLA 
s TAD (7000 
s DCA SWT 
s JMP DIG 
S RKOJ TAD P12 
s TAD M13 
s SZA 
s JMP ERR 
s CLA 
s TAD (70A1 
s DCA SWT 
S DIG* TAD M3 
S DCA CDG 
S DCA TS 
S RDG, MSKP 
S JMP RDG 
s MTAD 
s TAD M12 
s SMA 
s JMP ERR 
s TAD P12 
s TAD TS 
s DCA TS 
s ISZ CDG 
s JMP MUL10 
s CLA 
s TAD TS 
S SWT, NOP 
s DCA \IT 

IS(CNL,K)=I 
s INC \CNL 
s CLA 
s TAD \CNL 
s TAD M^ 
s SZA 
s JMP CONTL 
s CLA 
s DCA \CNL 
s INC \CNL 
s INC \K 
s CLA 
s TAD M6 
s DCA RDSK 
s JMS SKCH 
s ISZ BCNT 
s JMP CONTL 
s MSTP 
s CLA 
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NETRODATA PROGRAM  (Cont'd) 

CONTINUE 
1CE=ICD+1 
VRITC(l#in   IGB 
NS=500 
DO   70   1= U3 
WraTE(4,20)   NS 

■^ F0RMAT(A2) 
tfRITE(4«30) 

30 FOfviAK 100A2) 
70 CONTINUE 
S ISZ   \1BLK 
S JHP   RST 
S NOP 

NS=0 
tfRITt(4#8f)   NS 
CALL   OCLOSE 
GO TO 1 

MUL10>CLA 
TAD TS 
CLL 
RAL 
DCA TS 
TAD TS 
CLL 
RTL 
TAD TS 
DCA TS 
JMP RDG 
0 
MSKP 
JMP SKA 
MTAD 
ISZ RDSK 
JMP SKA 
JMP I SKCH 

ERR,  MSTP 
WRITE« 1,60) K 

5      FORMAT( « ERROR AT 
JMP RST 

M750, 7014 
BCNTJ 0 
M12,  7766 
MU> 7764 
His 7777 
M13, 7765 
M3, 7775 
P12, 12 
TS, 0 
CDG/ 0 
RDSK, 0 
M6, 7772 
M96, 7640 
CM96, 0 
M4, 777*» 
PU, 1A 

END 

(IS(I,L),L=1,500) 

5 
S 
S 
s 
s 
S 
s 
s 
s 
5 
s 
s 
s 
s 
S 
S 
S 
S 
c 
s 

s 
s 
S 
s 
S 
s 
s 
S 
s 
S 
s 
S 
s 
S 
s 
s 
s 

SKCH, 
SKA, 

13) 

117 

■■M 



,M""1 ■ ■ .......... .. '» "" ""^ ■" 

OORREUTION PROGRAN VERSION A 

C  CCALH.FT 
C  STRtAMLINED   CROSS-CORRELATION   CALCULATION 
C  ASSUMES   INPUT   ARRAYS   ARE   SAME   SIZE   AND   LESS   THAN   OR   EQUAL 
C TO   2ß0(3   IN   SIZE 
C INPUTS ARE ARRAY FILENAMES^ STARTING TIME SHIFT, INCREMENT 
C THE TIME SHIFT, AND THE NUM13ER OF TIME SHIFTS DESIRED 
C INSERTING A NEGATIVE NUMBER OF TIME SHIFTS CAUSES THE 
C SENSE OF THE SHIFT TO BE REVERSED 
C 

COMMON IA 
DIMENSION   IA(200O),IB(2000), IC(200) 

1 WRITE(1,10) 
10 FORMAT( '    DATAFILES') 

READ(1,20)   ANAME/BNAME 
20 FORMAT (A6) 

WRITE( 1,30) 
30 FORMATC    TIME   SHIFT*,/, '    START, INCREMENT,NUMBER« ) 

READ(1,^0)   KO,KI,NK 
^0 FORMAT<I3) 

WRITE< 1,41) 
41 FORMATC*    PLOT   -   Y   OR  N * ) 

READ( 1,42)   JRSP 
42 FORMATCAl) 

tJRSP=JRSP- 1631 
NK=IABS(NK) 
CALL   IOPEN( *DTA1* ,ANAME) 
READ(4,50)   NSIZ 

50 FORMAT <A2) 
READ<4,60)    (IA(L),L=1,NSIZ) 

60 FORMAT( 100A2) 
CALL   IOPEN('DTAl^BNAME) 
READ(4,50)   NSIZ 
READ<4,60)    (IB(L),L--=1,NSIZ) 
VRITEC 1,70)   NSIZ 

70 FORMATC    ARRAY   SIZE   ',14) 
90 K=KO 

IDM=NSIZ-K 
SA=0* 
SA2=0. 
SB=0. 
SB2=0. 
DO    105   L=1,1 DM 
KB=L+K 
Y=FLOAT(IA(L)) 
SA=SA+Y 
SA2=SA2+Y*Y 
Z=FLOAT(IB(KB)) 
SB=SB+Z 
SB2 = SB2-»-Z*Z 

105 CONTINUE 
DO    140   M=1,NK 
KM=KI*(M-I) 
KMP=KI*(M-2) 
IF(M-l)17,17,18 

OF 
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1 
CORRELATION PROGRAM VliRSION A  (Cont'd) 

18 

120 
17 

133 

20 1 
19 1 

232 
140 

204 
203 

150 

160 

DO    120   J=I,KI 
KA=IDM-KMP-J+I 
XI)UK»FLOAT( lA(KA) ) 
3A=SA-XbLM 
SA2- i5A2-XDUM*XDUM 
KB=K+KMP+J 
XOUM*'FLOAT(IB<KB>) 
SB*SB-XDUH 
SB2>SB2-XOUM«XDUM 
CONTINUE 
X=FL0AT(1DM-KM) 
FN=5QRT<(X*SA2-(SA*SA))*(X*SD2-(SB*SD))) 
XAB-0. 
NUM=1DM-KM 
DO    133   I=1,NUM 
1I1=K+KM+1 
XAB=XAB+FLOATCIA<I))*FL0AT(IB( III)) 
CONTINUE 
C=<X*XAB-SA*SD)/FN 
KCUH = K + KI*<M- 1 ^ 
IF(JRSP) 201,201,202 
WRITEC 1,191)   KCUR,C 
FORMAT(I3,3X,F10.5) 
GO   TO    U0 
IC(M)=C*1000. 
CONTINUE 
IF(JRSP)    203,203,204 
CALL   CPLOT(IC,KO,KI,NK) 
WRITE( 1,30) 
READ( 1,40)   KO,KI,NK 
IF(NK)    150, 1,90 
DO    160   L=1,NSIZ 
IDM=IA(L) 
IA(L)=IB(L) 
IB(L)=IDM 
CONTINUE 
NK=-NK 
GO   TO   90 
END 
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CORRELATION  PROGRAM VERSION B 
C  CCALX.FT 

USES   X-PREFIX   FILES   ONLY,    AND   ASSUMES   3   CHANNELS   PER   FILE 
STHEAMLINLD   CROSS-CORRELATION   CALCULATION 
ASSUMES    INPUT   ARRAYS   ARE   SAME   SIZE   AND   LESS   THAN   OR   EQUAL 
TO   2000   |N   SIZE 
INPUTS   ARE   ARRAY riLENAMESi    STARTING   TIME   SHIFT,    INCREMENT   OF 
THE   TIME   SHIFT,    ANL   THE   NUMBER   OF   TIME   SHIFTS   DESIRED 
INSERTING   A  NEGATIVE  NUMBER   OF   TIME   SHIFTS   CAUSES   THE 
SENSE   OF   THE   SHIFT   TO   BE   REVERSED 

1 
10 

20 

22 

M 

302 

30 

A0 

41 

42 

50 

52 
60 

53 
55 

5A 
51 
301 

61 

63 
62 

70 

COMMON   IA 
DIMENSION    IA(2000),IB(2000), ICC 200) 
WRITE( I, 10) 
FORMATC    DATAFILE') 
READ< 1,20)   ANAME 
FORMATCA6) 
VRITEC 1,22) 
FORMATC    CHANNELS') 
READC1,2A)    IACH,IDCH 
FORMATC 12) 
WRITEC 1,302) 
FORMATC'    INTERVAL   NUMBER') 
READC1,2A)   NFM 
WRITEC 1,30) 
FORMATC    TIME  SHIFT',/, '    START, I NCRENENT,NUMBER') 
READC1,40)   KO,KI,NK 
FORMATC 13) 
WRITFc1,41) 
FORMATC    PLOT   -   Y   OR N') 
READC 1,42)   JRSP 
FORMATC AD 
JRSP=JRSP-1631 
NK=IABSCNK) 
CALL   I OPENC'DTAl',ANAME) 
DO   301   K=1,NFM 
DO   51   tJ=l,3 
READC4,50)   NSIZ 
F0RMATCA2) 
IFCJ-IACH)    53,52,53 
READC4,60)    CIACL),L=1,NSIZ) 
FORMATC100A2) 
GO   TO   51 

54,55,54 
CIECL),L-1,NSIZ) 

CIDUM,L=1,NSI2) 

IFCJ-IBCH) 
READC4,60) 
GO   TO   51 
hFADc4,60) 
CONTINUE 
CONTINUE 
IFC1ACH-1BCH)   62,61,62 
DO   63   J=1,NS1Z 
1BCJ)=1ACJ) 
CONTINUE 
CONTINUE 
WRITEC1,70)   NSIZ 
FORMATC'    ARRAY   SIZE   ',14) 
K»KO 
1DM=NS1Z-K 
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r 
CORRELATION PROQUM VHRS10N B   (Cont'd) 

105 

18 

120 
17 

133 

201 
191 

202 
140 

204 
203 

150 

160 

SA=0. 
SA2=0. 
SB=0. 
SB2=0. 
DO    105   L=1>IDM 
KB=L+K 
Y=FLOAT(IA(L)) 
SA=SA+Y 
SA2=SA2*-Y*Y 
Z=FLOAT<ID(KB)) 
SB=SB+Z 
SB2=SB2+Z*Z 
CONTINUE 
DO    140   M=liNK 
KM=K1*(M-1) 
KMP=KI*(M-2> 
IF(M-1)llj 17>18 
DO    120   J=1,KI 
KA=IDM-KMP-J+1 
XDL'M = FL0AT(1A(KA)) 
SA=SA-XDUM 
SA2=SA2-XDUM*XDUM 
KB=K+KMP+J 
XDUM^fLOATCIBCKB)) 
SB=5B-XDUM 
SB2=SB2-XDUM*XDUM 
CONTINUE 
X=FLOAT<IDM-KM) 
FN = SQRT( (X*SA2-<SA*SA))*''X*SB2-(SB*SB))) 
XAB=0. 
NUM=IDM-KM 
DO    133   I=1,NUM 
III=K+KM+I 
XAB=XAB+FLOAT(IA(I))*FLOAT(IB( 111 > > 
CONTINUE 
C=(X*XAB-SA*SB)/FN 
KCUR=K+K1*(M-1) 
IF(JRSP)    20U20U202 
WRITEC 1,191)   KCUR/C 
FORMATCI3>3X,F10.5) 
GO   TO    140 
IC(M)=C*1000. 
CONTINUE 
IF(JRSP>    203/203,204 
CALL   CPLOT<IC,KO/KI/NK) 
WRITL< 1,30) 
READC 1,40)   KO,KI,NK 
IFCNK)    150,1,90 
DO    160   L=i,NSIZ 
IDM=IA<L) 
IA(L)=IB(L) 
IB(L)=IDM 
CONTINUE 
NK=-NK 
GO   TO   90 
END 
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1 
PLOTTING SUBROUTINE USLL) 1VITII CORRELATION  PROGRAMS 

2 
1 

4 
3 

101 

102 
5 

U2>2 
3^3/4 

SUBROUTINE   CPLOTC I C.KO, Kl., NK ) 
DIMENSION   IC(1) 
IST/" I«- 1376 
IZIP=-2016 
K=KO 
IHIN*IC<I) 
IMAX=IC( 1) 
DO   3   M=2/NK 
I F ( I C < M) - IMIN ) 
IF(IC(M)-IMAX) 
IMIN=IC<M) 
GO   TO   3 
IMAX=IC(M) 
CONTINUE 
WF;iTE< 1, 101)    IMIN, 
FORMAT« IQX^M, 18X. 
DELT   =   IMAX-IMIN 
DO   5  N" IJNK 

SPAS=50.O*CFLÜAT<IC(M) 
1SPAS   =SPAS 
VRIT£< 1, 102)   K,IC(M),(I ZIP.J=:,I SPAS),I STAR 
K=K*KI 
FORMATCI^,16,'    r'.SlAl) 
CONTINUE 
RETURN 
END 

IMAX 
•CORRELATION',17X,I5) 

-IMIN))/DELT 
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1 
AlTTOMATIC COKRIiLATION  l'ROCliSSIN'G PROGRAM 

C 
c 
c 
c 
c 
c 

10 
20 

30 

METRO.FT 
AUTOMATIC   PROCESSING   OF   X-PREFIX   FILES 
GIVES   CROSS-   ANC   AUTO-CORRELATXON 
ALSO   COMPUTES   SCINTILLATION   INDEX.,    STANDARD   DEVIATION,    AND   MEAN 
ASSUMES   FILES   CONSIST   OF   6   FIVE  MINUTE   INTERVALS,   3   CHANNELS 

DIMENSION   IA(3/500),:<CC(3C0),LM( I 0 ) , LN( I 0 ) ,X 1 ( 3) ,X2< 3) 
LMl 1)= I 
LN(1)=2 
LM(2)=2 
LN(2)=1 
LM < 3) = 2 
LN(3)=3 
LM < ^) = 3 
LN < ^) = 2 
LM < 5)= I 
LN(5)=3 
LM (6) = 3 
LN(6>=1 
LM<7)=1 
LN < 7)= 1 
LM(8 ) = 2 
LN(8) = 2 
LM(9)=3 
LN(9)=3 
WRITE< U20) 
FORMATC      DATAFILE,    INTERVAL   ') 
READC1,30)    FNAM/INC 

40 

50 

60 

70 
00 
90 
100 

12; 

DTA1'/FNAM) 

FNAM/INTV 
PART 12) 

F0RMAT(A6/ ' 
INTV=0 
CALL   I OPEN( 
M!N'- 1000 
JA=0 
INTV=INTV+1 
WRITEC 1,50) 
F0RMAT(/,3X,A6, 
KTEST=1001 
NN= 1 
JMP=1 
DO   80   LL= 1,3 
READ(^,60)   NSIZ 
FORMAT<A2) 
NSIZ=500 
READ(A,70)    (IA(LL,L),L=1,NSIZ) 
FORMAT(100A2) 
CONTINUE 
NCC= 1 
M=LM(NN) 
N=LN(NN) 

C  CROSS-CORRELATION   CALCULATION 
110 K=(NCC-1)*INC 

1DM=NSIZ-K 

12? 
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AUTOMATIC OORREUTION PROCESSING PROGRAM (Cont d) 

120 

130 

140 

C  RES 
150 

160 
170 

18 0 

19 0 
200 
210 

220 
230 
240 

C 
C 

SA=0. 
SA2=0. 
si »e. 
SD2=0. 
DO    120   L=l^1DM 
KB=L+K 
Y=FLOAT(IA(M,L)) 
SA=SA+Y 
SA2=SA2+Y*Y 
Z=FLOAT(lACN^KB)) 
SB=SB+Z 
SB^=SB2-»-Z*Z 
CONTINUE 
IFCNCC- 1 )    lHQj 130., U0 
FNSIZ=FLOAT(NSIZ) 
X1(M)=SA/FNSIZ 
X2(M) = SQnT(SA2/FNSIZ-Xl(>l)*Xl<M) ) 
X1<N)=SB/FNSIZ 
X2(N^SQRT<SB2/FNSIZ-X1(N)*XI<N)) 
CONTINUE 
GO   TO    170 

TART   ENTRY 
DO    160   J=l,INC 
KA=N5IZ-(NCC-1)*INC+J 
XDUM=FLOAT(IACM^KA)) 
SA=SA-XDUM 
£A2-SA2-XDUM+XDUM 
KB--CNCC- 1)*INC-J+1 
XLbM=FLOAT(IA(N^KB)) 
;"B=SB-XDUM 
SB2=SB2-XDUM*XDUM 
CONTINUE 
NUM=NSIZ-<NCC-1)*INC 
X=FLOAT(NUM) 
FN=SQRT((X*SA2-(SA*SA))*<X*SB2-<SB*SB))) 
XAB=0. 
DO    180   1=1^NUM 
III=(NCC-1)*INC+1 
XAB=XAB+FLOAT( I A<M, I )) *FLOATC I A< N., Ill)) 
CONTINUE 
CC=(X*XAB-SA*5B)/FN 
KCC(NCC)=CC*1000. 
IF(KCC(NCC)-KTEST)   240,200,200 
JMP=4+JA 
NCC=NCC+1 
IF(NCC*INC-100)    150,150,220 
WRITEC 1,230) 
FORMATC   OUT   OF   RANGE«) 
JA=NN/7 
GO   TO   (501,502,503,504,505),JMP 

JMP=2 
KTEST=KCC(I) 
GO   TO   210 

124 
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AUrOMVric; CORRELATKW PROCESSING PROGRAM (Cont'd) 

c 
502 

250 

c 
c 
503 
260 

270 
28 0 
29 0 
300 

C 
C 
50A 
310 

320 

330 
340 

350 
360 

C 
C 
505 

370 

38 0 

39 0 

400 

JMP=3 
NM=NN+l 
URITL(l>250)   M^N^KCCC l)^KCC<2) 
FORMATC    BACK5IDL,,2I3>2Xi216) 
GO   TO    100 

wnim 1^260)   M«N#KCC< 1)^KCC(2) 
FORMATC   NO   TIME   SHIFTS4I6} 
NN=NN+1 
KTLST=1001 
iJMP=l 
IF(KCC(1)-MIN)    280*290/290 
HXN"KCC< 1) 
IF(NN-7)   90<»300i300 
KT£ST*MXN 
JA=l 
rvcc=2 
JMP=5 
GO   TO   100 

VRtTE« 1>31C)   M/M/IMC* (KCC(L)/L= UNCC) 
FönMAT(318*/> ( 1016)) 
lF(NN-4)    330,330*320 
WN-7 
GO   TO   270 
lF(NN-2)    340*340*350 
NN = 3 
GO   TO   360 
NM = 5 
JMP=1 
KTEST=1001 
Gü   TO   270 

X3=100.*X2(M)/X1(M) 
VRITE(1*370)   M*M*IMC*X1(M)*X2(M)*X3 

MEAN    •/Fö.O*'    STD   DEV   ,*F6.0*,SCINT 

(KCC(L)*L=2*NCC) 

F0RMAT(3I4*' 
1   F6. 1 *'I' ) 
WRITE< 1*380) 
FORMAT<1016) 
NH=NN+1 
IF(NN-10)    390*400*400 
NCC=2 
GO   TO    100 
IF(INlV-6)    40* 10* 10 
END 
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MISSION 
of 

Rome Air Development Center 

RADC is the principal AFSC organization charged with 
planning and executing the USAF exploratory and advanced 
development programs for information sciences, intelli- 
gence, command, control and communications technology, 
products and services oriented to the needs of the USAF. 
Primary RADC mission areas are communications,  electio- 
magnetic guidance and control, surveillance of ground 
and aerospace objects, intelligence data collection and 
handling, information system technology, and electronic 
reliability, maintainability and compatibility.    RADC 
has mission responsibility as assigned by AFSC for de- 
monstration and acquisition  or selected subsystems and 
systems in the intelliacnce, mapping, charting, command, 
control and communications areas. 
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